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Abstract 
We have investigated martensitic transformation in a highly ordered Fe3Pt by X-ray diffraction measurements. We found that a 
new type of FCT martensite phase appears in Fe3Pt with degree of order S = 0.88. In this martensite phase, the tetragonality c/a 
of the martensite is approximately 1.005 at 10 K, being different from that of so far known FCT martensite phase with c/a < 1. 
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1. Introduction 
 
Iron-platinum alloy containing about 25 at.% platinum is known as an invar alloy exhibiting small thermal 
expansion. The alloy exhibits a disorder-order transformation from A1-type structure to L12-type structure, and the 
transformation temperature is approximately 1000 K.1) It also exhibits a martensitic transformation, and the 
transformation behavior depends strongly on the degree of order S of the parent phase.2-5) Three types of martensite 
phases are reported until now, and they are usually referred to as BCC, BCT and FCT martensites. 
When the degree of order of the parent phase is very small (S  0), the BCC martensite forms through a burst-type 
transformation. In the case the degree of order is intermediate (S  0.5), the BCT martensite forms through a 
thermoelastic transformation. The tetragonality of the BCT martnsite is typically c/a  0.8, and its temperature 
dependence is very small. The so-called FCT martensite forms in alloys with S  0.8 through a weak first order 
transformation. The tetragonality changes gradually from c/a  1 to c/a  0.94 in the cooling process.6) 
Highly ordered Fe3Pt has been investigated by many research groups to make clear the invar property. Sasaki and 
Chikazumi found that there are anomalies in magnetostriction and magnetic torque curves of the ordered Fe3Pt with 
S  1, and concluded that they are due to a martensitic transformation caused by magnetic energy change.7) On the 
other hand, Sakashita et al. obsereved the martensitic transformation in Fe3Pt with S > 0.8, but concluded that it is 
caused by the surface strain due to the polishing procedure.8) In this study, we investigated martensitic 
transformation in Fe3Pt with high degree of order to clarify its structural property. 
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2. Experimental Procedure 
 
An ingot of Fe-25at%Pt was prepared by arc melting using an iron bar (99.99 mass%) and a platinum plate (99.95 
mass%) as starting materials, and its single crystal was grown by a floating zone method. A specimen with 
dimensions of 3.03.00.5 mm3 was cut from the single crystal so that each edge becomes parallel to <100> 
direction. The specimen was heat-treated at 1373 K for 1 h followed by cooling down to 1073 K with a cooling a 
rate of about 1 K/min. Then the specimen was cooled down to 773 K with a rate of 10 K/day, followed by cooling 
down to room temperature with rate of about 1 K/min. The degree of order S of the specimen was determined by X-
ray diffraction (XRD) to be 0.88. The magnetic properties of the specimen thus obtained were examined by 
Magnetic Property Measurement System (MPMS). X-ray diffraction measurements were carried out in the 
temperature range from 10 K to 295 K. 
 
 
3. Results and Discussion 
 
 Fig. 1 shows temperature dependence of magnetic susceptibility under a magnetic field of 40 kA/m applied along 
[001]P. In the cooling process, the susceptibility starts to increase at 60 K, as indicated by an arrow. As we will see 
below, this temperature is martensitic transformation temperature TM (‘M’ stands for the ‘martensite’ phase) of the 
present Fe3Pt. Incidentally, the deviation of the heating process from the cooling process is probably due to the 
change in configuration of magnetic domains. 
 
 
 
 
 
 
 
 
Fig. 1 Temperature dependence of magnetic susceptibility. The 
martensitic transformation temperature TM is indicated by an arrow. 
Fig. 2 XRD patterns of Fe3Pt with S = 0.88 taken at 295 K and 10 K. 
 
The structural change of the specimen was examined by X-ray diffraction measurements. Fig. 2 shows XRD 
patterns in the angle range 108°  2  113° at 295 K and 10 K. As seen in Fig. 2, single peak at 295 K splits into 
two peaks at 10 K. This split means that structure of the specimen is tetragonal at 10 K while it is cubic at 295 K. 
Similar splitting was observed below 60 K, at which magnetic susceptibility shows a bend point. Thus, this 
temperature (60 K) is martensitic transformation temperature TM. The lattice parameters obtained from the X-ray 
profiles are summarized in Fig. 3. We notice that both a and c change gradually in the martensite phase. The volume 
of the unit cell is almost constant below TM as well as above TM.  
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Fig. 3 Temperature dependence of lattice parameters.  Fig. 4 Schematic drawing of  tetragonality c/a as a function of degree 
of order. 
 The tetragonality c/a at 10 K of the present specimen (S = 0.88) is calculated to be 1.005. This tetragonality is 
completely different from that of so far known FCT martensite phase of Fe3Pt with S = 0.75.5) That is, the 
tetragonality c/a is less than 1 in Fe3Pt with S = 0.75. In Fig. 4, the tetragonality of the martensite phase is 
schematically plotted as a function of degree of order. (Here the tetragonality of BCC phase is given by 2-1/2 
considering lattice correspondence.) As seen in Fig. 4, the tetragonarity gradually increases with increasing degree 
of order. If the tetragonality changes from less than 1 to larger than 1 by keeping tetragonal symmetry, there should 
be a cubic phase at a certain degree of order 0.75 < S < 0.88. However, we cannot expect the existence of such a 
cubic phase because, in such a case, we have to consider a cubic to cubic transformation with negligible volume 
change. 
One possibility is the existence of an orthorhombic phase in between these two types of tetragonal phases. In fact 
there are two types of tetragonal martnesites (c/a < 1 and c/a > 1) in Mn-Ni system depending on composition, and 
also there is an orthorhombic martensite in between the two tetragonal phases.9) Confirmation of the existence of an 
orthorhombic martensite phase in Fe3Pt is a subject in the future. 
In summary, maretnsitic transformation to a tetragonal (c/a > 1) phase is observed in Fe3Pt with S = 0.88. 
Therefore, Fe3Pt has at least four different martensite phases depending on the degree of order: BCC, BCT, FCT 
(c/a < 1), FCT (c/a > 1). 
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